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If the United States is to capitalize on the tremendous demand for seaborne coal in
the world market, it must respond to the need for additional coal terminals. This
challenge has prompted port authorities and industry to develop new terminals in
areas with access to coal-producing regions. Within the State of New Jersey, six
new coal terminals had been proposed by August 1981. The need for a regulatory
guide arose due to local officials' unfamiliarity with the environmental conse
quences of building and operating these facilities. Through recommendations from
state agencies, we determined that the most useful document would be a guide
concentrating on the regulatory process as it related to the development and
environmental effects of coal terminals throughout New Jersey. We selected a
coal transshipment facility proposed by Alla-Ohio Valley Coals, Inc., in Camden,
New Jersey, to serve as a sample facility.

Design of a coal terminal is governed by the physical parameters of each site and
the related economic considerations. Among these parameters are the kind and
quantity of coal, the physical size and shape of the property, and the orientation of
railroad tracks and piers. All coal terminals, however, serve a similar basic
purpose as transfer points for moving coal from land to barge or bulk carriers.
Generally, coal is unloaded from unit trains and placed on a conveyor system,
which carries and deposits the coal in a stockpile. When a ship or barge becomes
available, coal is transferred from the stockpile along another conveyor and loaded
onto the waiting vessel.

Environmental Regulations

There are a number of permits that must be issued before a coal terminal can be
constructed. These permits are directly related to the various activities needed to
complete the terminal at a specific location, i.e., facility construction, the
establishment of rail access, dredging, and the disposal of dredged material. The
existence of adequate water depth and rail access at the proposed terminal
location can be expected to simplify the permit process. The types of federal,
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state, and local permits possibly needed to construct a coal terminal in New Jersey
are presented in Figure I. In reality, all these permits probably would not be
required for any one terminal. Only after the environmental setting and design of
the proposed terminal are evaluated can specific permits be identified. Due to
space limitations, rail access and channel dredging are not included in this
discussion.

The coal terminal proposed for Camden involves two factors that make it an
excellent example of a simplified permit process:

o The project would involve rehabilitation of an existing port facility, and

o Surface water runoff from the facility would be collected and used for
dust suppression, thus eliminating the need to discharge runoff into the
river.

These two factors eliminate issues concerning runoff and new facility construction,
issues that are often the basis for many permits. In the case of the proposed
Camden facility, the only permit complication arose from proposals to change
dredging depths at the terminal. The original design plans involved dredging to a
depth currently allowed under existing maintenance dredging permits. The new
proposed depth, however, exceeded this limit, triggering the need for renegotiation
of a Department of Army Permit as well as a number of state permits. The
permits actually issued or anticipated for the Camden terminal are also designated
in Figure 1.

Environmental Effects

The major adverse environmental effects associated with a coal terminal, exclusive
of dredging and rail access, are usually caused by coal dust and coal pile drainage.
Because these two sources of environmental damage are well documented, reg
ulatory agencies usually require that a proposed facility demonstrate that control
techniques will be used to reduce the impact potential to acceptable levels. This
generally involves the development of comprehensive dust control and water
quality treatment systems. Without these systems, the degradation of air and
water quality could pose serious problems for surrounding social and biotic
communities. In many situations, the degradation of water, air, and auditory
quality can be responsible for additional effects on ecological communities, land
use, and visual quality. Adverse impacts can best be minimized by proper planning
during site selection and early design phases of facility development.

Mitigation of adverse impacts is one of the more obvious approaches used to reduce
or eliminate undesirable effects from facility development. Federal, state, and
local agencies issuing permits not only must be aware of the environmental
consequences of a new coal terminal; they must also be informed as to the most
effective means of mitigating potential adverse impacts. A brief review of air and
water quality impacts often associated with coal terminals is brought forth in the
following sections.

Air quality

Fugitive dust. The most damaging air quality impact involves fugitive coal dust
emissions during the operation of the coal terminal. Although extensive studies
characterizing stack emissions exist, very little research has been conducted on
fugitive dust. Fugitive dust emissions are usually difficult to study and can only be
characterized when a facility is operational (MITRE Corp., 1981). Components of a
facility that contribute coal dust through transfer activities include conveyor
systems, the rotary car dump, transfer houses, the rotary plow feeder, and the
shiploader.
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Figure 1. Permits that may be needed for construction of a coal terminal
in New Jersey

PROJECT

Coal Terminals-

AGENCY

Federal

PERMIT OR APPROVAL

o Department o! Army Permit
o National Pollutant Discharge Elimination System

Permit
o Notice to Federal Aviation Administration of

Proposed Construction or Alteration

o New Jersey Pollutant Discharge Elimination System
Permits

o Water Quality Certificate
o Stream Encroachment Permit
o Water Diversion Permit

0)' Permit to Construct, Install or Altar Control Apparatus
, or Equipment

o Ccrtiflcats toOperate Control Apparatus orEquipment
o .WaterfrontDevelopment Permit ,
o Wetlands Permit
o Coastal Area Facility Review Act Permit
o Welt Drilling Permit
a. Soil Erosion and Sediment,Control Plan Certification .,
o Access Driveway Permit
o Bridge Attachment Permit
o Highway Occupancy Permit
o Utility Opening Permit
o Drainage Permit
o Pole Permit
o Plan Release

' Review o( Construction Plans (Delaware and Raritan
Canal Comm.)

i Construction-Related Permits (Hackensack
Meadowlands Oev. Comm.)

i Review of Construction Plans (Pinelands Comm.)
i Approval of Construction Plans (Delaware River

Basin Comm.)

o Site Plan Approval
o Public Water Use Approval
o Sewer Plans and Tie-in Approval
o Building Permit
o CertUlcato ol Occupancy

'...'.:_ i:.- Permits needed for proposed Alla-Ohio Valley coal terminal
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Because coal dust particles are usually large and settle to earth quickly, most of
their effects are confined to the immediate vicinity. Although emissions of these
particles is a complex problem that varies according to the physical and environ
mental conditions of each site, there are several basic approaches that can be
incorporated into facility design to reduce the extent of the problem. First,
purchasing only washed and sized coal from which fines have been removed
substantially reduces the potential for fugitive dust. This approach, however, can
double the cost of delivered coal, because fines often comprise up to 50% of the
coal. If low-grade bituminous or lignite coals are handled, washing and sizing coal
prior to delivery is not a solution because these coals will degrade in storage when
exposed to weather. The second approach to designing an effective dust control
system is to limit the amount of handling. The third approach involves including
specific dust control measures in the design of the facility. Techniques that have
been used to control fugitive dust emissions include enclosed systems, dust
collection, water or chemical sprays, surface coatings or coverings, containment
equipment, and barriers.

One of the most common techniques for suppressing dust involves spraying the coal
with water and/or chemical additives. Chemical compounds and foams have also
been developed for this purpose. Water and/or chemical sprays are used to
suppress dust for a variety of operations and equipment at coal terminals. They
are commonly used directly on the stockpile, at transfer points in the conveyor
network, and at the rotary dumper. These techniques provide control by coagu
lating small particulate matter before it is mixed with air. They are economical
systems, requiring a minimum amount of space, and they can be easily retrofitted.
These systems produce a cumulative effect, as dusting potential is further reduced
at each application point (O'Brien and Soderberg, 1981). An advantage of spraying
is that dust is never removed from the product stream.

Another common method of reducing the potential for fugitive dust involves
enclosing equipment and operations at the facility. Enclosures have been designed
for most major emission sources at coal terminals, including transfer towers,
rotary car dumpers, dockside loading barges, coal screens and crushers, stockpiles,
and conveyors (Pelham et al., 1980). Usually, dust collection or suppression
techniques are also used when air entrainment becomes a problem within the
enclosures. These techniques can be used either for multiple operations or for
controlling dust at individual transfer operations or points. Large enclosures
typically use central collection systems; simpler devices such as filters are more
economical for individual transfer points. Whatever the means of collection, it is
desirable to return collected dust to the coal supply, thereby eliminating disposal
concerns and reducing product losses.

The use of containment equipment is another very common dust control technique
used at coal terminals. There are several devices currently being used to reduce
dust emissions from free-falling coal. Such equipment is usually used for outside
operations where wind constitutes the principal means of generating dust. The
most common devices in use are loading stacks (tubes designed with doors or
shrouds at different levels on the stack sides) and telescopic chutes, which control
the distance between the point where coal is released and exposed to the
atmosphere, and the top of the coal pile or loading structure.

Spontaneous combustion. Spontaneous heating eventually leading to combustion is
primarily an oxidation phenomenon involving coal, pyrite, and impure coal sub
stances. The oxidation of carbonaceous and pyritic material is an exothermic
reaction in which the temperature of a coal pile will increase if the amount of
circulating air is sufficient to accelerate combustion. Oxidation within coal
storage piles results in emissions of gases such as hydrocarbons, ethane, carbon
monoxide, and sulfur compounds. These emissions are relatively minor and are
usually not considered a significant environmental problem (Pelham et al., 1980).
It is generally agreed that spontaneous combustion is imminent after temperatures
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within the coal pile have reached 82 C (Peckham, 1981). Fires will release smoke,
airborne particles, and noxious, sometimes lethal, gases. Specifically, these
emissions include various pyrolvtic and combustion products such as particulate
matter, nitrogen oxides, sulfur oxides, carbon monoxide, hydrogen sulfide,
ammonia, polycyclic organic materials, and hydrocarbons, including benzene,
toluene, and xylene. Trace elements such as arsenic, boron, and mercury are also
emitted (MITRE Corp., 1980). Spontaneous combustion, however, is generally
infrequent and should not cause a significant impact on prevailing air quality
(Pelharn et al., 1980).

One of the most widely used methods of preventing spontaneous combustion in coal
storage areas involves compaction (Peckham, 1981; Ege and Ward, 1978). Tracked
bulldozers or scrapers are used to compact the surface of the coal pile and prevent
excessive ventilation. This involves placing the coal in 6- to 12-inch lifts and
thoroughly compacting each layer to eliminate air channels and reduce the air-to-
coal ratio.

Water quality

Drainage and surface water runoff from coal piles are major potential sources of
pollution at coal terminals. Precipitation infiltrating into and percolating through
coal piles leaches contaminants and creates a discharge characterized as highly
mineralized and/or acid mine drainage (MITRE Corp., 1981). Acidification of
surface and groundwater supplies is a particular concern when evaluating water
quality effects attributable to high-sulfur Eastern coals. The pH level of drainage
from coal piles often ranges between 2.2 and 3.1. The predominant sulfide-bearing
minerals in coal are pyrite and marcasite, both of which are iron sulfide ores.
Marcasite is unstable and degrades into pyrite. Oxidation of pyrite results in the
production of ferrous iron and increases in acidity (Cox, Chu, and Ruane, 1979).
Another water quality concern involves concentrations of metals and other trace
elements in coal. As a result of depressed pH, the solubilities of many elements in
coal are increased and these elements are leached from the coal into surrounding
surface and groundwater supplies. The third water quality concern involves
increases in concentrations of suspended and dissolved solids in coal pile drainage.
Concentrations of total suspended solids increase during rainfall periods, when high
runoff rates suspend coal fines and transport them from the pile. This is generally
not a problem during baseflow conditions.

Two basic approaches in controlling surface water runoff during the operation of
coal terminals are (1) reducing runoff/leachate flows from coal storage areas, and
(2) removing pollutants from runoff/leachate wastes before discharging intonearby
waterways. There are four major sources of wastewater that require some degree
of treatment or control if adverse water quality effects are to be avoided: runoff
from the coal pile, leachate from coal pile drainage, dust suppression water, and
coal dust and spillage drainage (Pelham et al., 1980). The type of control or
treatment for wastewater dependson the environmental setting and facility design.
The ability to control or treat wastewater depends on the effort placed on
implementing the control measure. For optimal benefits, surface water drainage
control and dust suppression techniques should be designed together, since drainage
from dust suppression sprays requires water quality controls and treatment before
the water can be discharged from the site.

A variety of techniques have been designed that can reduce or eliminate the
amount of runoff from coal pile areas. Some of the more common techniques
include silos and enclosed bins, open-sided sheds, tarpaulins, asphaltic spray,
earthen slopes, and chemical binders. Optimal results are usually obtained by using
enclosed bins or concrete silos. All water quality impacts from coal storage are
eliminated when these structures are constructed, because water will not come in
contact with coal.
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At terminals using open storage, some type of collection and treatment is usually
required to comply with state or federal water quality criteria. The coal pile
runoff is usually collected by drainage ditches in the coal storage area and directed
to a catch basin, where some degree of treatment is implemented. There are three
basic approaches to wastewater disposal. The water can be recycled and used for
dust suppression: runoff waters used for dust suppression evaporate or are
absorbed by the coal and shipped out, thereby eliminating the need to discharge
waters from the facility. The leachate can also be combined with other
wastewater from the city sewer system, or other sources. Finally, the wastewater
can be treated at the facility and discharged into surrounding waterways. The
latter approach will generally require compliance with a variety of state and
federal permits.

The method of treating wastewaters contaminated by high-pyritic Eastern coals
should neutralize excess acidity, precipitate heavy metals, and remove excess
suspended solids. The basic steps of collecting and treating wastewaters, according
to Metry (1977), are as follows:

o Segregate contaminated runoff and leachate from other water streams,

o Provide sufficient storage capacity for holding contaminated runoff and
leachate prior to treatment,

o Treat contaminated runoff and leachate prior to discharge to receiving
waters,

o Provide sufficient storage capacity of treated waters for polishing the
effluent,

o Use as much treated wastewater as possible for dust suppression, and

o Recover coal fines in contaminated runoff and leachate from settling
and precipitation facilities.

A storage pond or catch basin is effective only in reducing suspended solids and is
usually designed to handle a 15- to 20-day storm with a recurrence interval of 25
years (Pelham et al., 1980). Solids that settle out can be disposed of once every
one to five years in a landfill (Beteille et al., 1981), or solids can be returned to the
coal pile for subsequent transport as part of the coal shipment.

The need to protect groundwater supplies depends on the depth to the aquifer and
the presence of naturally occurring impermeable layers above the aquifer. Pro
tection beneath the coal pile usually consists of a liner of non-cracking material.
This impermeable layer may consist of either a commercial clay approximately six
inches thick or a plastic liner. This liner is pitched to direct runoff into drainage
ditches surrounding the coal pile. Additionally, a layer of low-grade coal at the
bottom of the pile can be used to absorb significant portions of leachate. Placing a
layer of low-grade coal to form a base for the pile also ensures that the reclaimer
does not dig too deep and puncture the liner (Beteille et al, 1981). Since the catch
basin also forms a source for contaminated water, an impermeable liner beneath
the basin may also be desirable.

Another approach has been taken to control acidity beneath coal piles at a terminal
on the Mississippi River. By using readily available sand, oyster shells, and clam
shells as a base for the coal pile, a natural neutralizing effect was provided to
counter the acidity of drainage waters (Pelham et al., 1980).
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Conclusion

A review of permits and approvals needed to construct and operate coal terminals
revealed a number of environmental factors of importance in determining regu
latory requirements. The significance of these factors largely depends on the
design and geographical setting of a specific terminal. To avoid costly delays due
to permit complications, environmental factors should be considered during the
early phases of site selection. By investigating environmental issues and closely
coordinating permit requirements with the appropriate regulatory agencies, poten
tial delays can be minimized or entirely avoided. The most serious potential
environmental consequences of new terminals can ususally be attributed to coal
pile drainage and fugitive dust. In most cases, however, mitigation techniques are
available and can reduce these impacts to acceptable levels.
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ECOLOGICAL IMPACT ASSESSMENT OF NAVIGATIONAL
CHANNEL DREDGING

Ernst G. Frankel
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Introduction

Ecological Impact assessment
has become an integral part of the
navigational channel design, dredg
ing, development,operations and
maintenance process, because of In
creased awareness of the irrever
sible damage which may otherwise be
caused. Knowledge of environmental
constraints, regulations, and juris
dictions pertaining to channel de
velopment is usually not readily
available and must in many Instances
be assembled for each individual
project. Similarly, since few en
vironmental factors can be quanti
fied from the point of view of ex
tent, as well as cost of real or po
tential impact, flexible methods
must be developed to assess their
Impact.

No attempt is made here to ar
bitrate between the conflicting
viewpoints on the probability, type,
effect, extent, and permanency of
ecological damage caused by or
through navigational channel develop
ment. Instead, the ecological fac
tors that must be considered in the

design and operation of ports will
be discussed. A related issue is
the mechanism through which these
factors effect the design, con
struction, and operation of naviga
tional channels. The major con
cerns or conflicts must be indicated
and reasonable constraints es
tablished, which have a high degree
of potential acceptance by concerned
agencies and the public, while, at
the same time permitting develop
ment of adequate port channel ac
cess to meet projected future de
mand, in terms of ship size and
traffic.

Ecological considerations in
channel dredging include, among
others, effects of channel dredging
and operations on: (1) surface and
subsurface water disturbances as

well as resultant effects on sedi
ment flow, siltation, underwater,
channel, and shore erosion;
(2) changes in submarine bottom
structure and effects of structural
invasion on the bottom with a re
sulting permanent or temporary ef
fect; and (3) ecological changes
and disturbances caused on fish,
shellfish, and other marine life,
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Including breeding grounds. In ad
dition, there are obviously the
effects of ships operating in the
channel. The increased traffic or
traffic of larger vessels may in
crease the potential of vessel col
lision, grounding, leakage, or dis
charge of oily water ballast, solid
waste, and other detrimental mate
rials.

The physical changes enumerated
above often effect changes .in chemi
cal, biological, hydrodynamic, geo
logic and other factors, which con
tribute to ecological problems. It
is exceedingly difficult to quantify
the effects of different potential
environmental impacts because they
are mediated by:

1. Local physical conditions such
as currents, water depth, wind
and current direction, salin
ity, waves, solids in suspen
sion, seabed formation, air/
water temperatures, etc.

2. Characteristics design and use
of navigational channel and
type of traffic using the
channel.

3. Method of dredging and spoil
transfer used.

4. Location of spoil disposal and
method of disposal.

5. Operational policies.

Although it is difficult to
quantify the ecological factors and
the costs of potential damage to the
environment, It is possible to set
general limits of acceptability,
which may reduce or mitigate en
vironmental impact. Preventative
measures are usually more desirable
than reactive correction contain
ment and cleanup, yet there will al
ways be a probability of ecological
damage resulting from unexpected
accidents.

The Process of Environmental Impact
Assessment of Channel Dredging

Environmental impact assessment
must be considered an integral part
of the channel planning process,
which itself is an interactive pro
cedure in which requirements for
development and expansion are for
mulated by planners, designers, en
gineers, and users. These are then
expressed in terms of impacts in a
manner conducive to review by re
sponsible government agencies and
the affected public.

The basic steps of requirements
definition, plan formulation, im
pact assessment and evaluation are
repeated until a match with develop
ment needs is obtained and the pro
ject is allowed to proceed. The re
quirements definition involves ex
amination of channel needs. It in
cludes traffic forecasts, tech
nology assessment, capacity demand
projections, and all other inputs
needed to establish development and
expansion requirements. Given that
this growth is accepted as a reason
able need over theplannlng horizon
considered, alternative plans are
formulated to meet this need. Each
alternative plan is then studied
from the point of view of opera
tional feasibility, economic viabil
ity, and environmental Impact.

For each alternative plan the
impact is forecasted and described
in such a manner as to permit ef
fective assessment. The impact
analysis and evaluation phases of
the planning process can be broken
down into a detailed process as
shown in Figure 1.

The environmental impact assess
ment process begins by identifying
all development and operational
activities resulting from the pro
posed channel dredging project.
For each activity the probable im
pacts on the environment are iden
tified, including interrelation
ships and combined effects. For the
impacts that are quantifiable, data
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is collected and models and fore
casts are conducted to describe the
current values of the areas impact
ed and to predict the effects due to
the alternative project being ex
amined. Some impacts may be con
sidered non-quantifiable and must
therefore be ranked on a subjective
basis.

The environmental impact as
sessment Is started by compiling an
impact checklist. The use of check
lists is one of the most common
means of identifying and standard
izing various development and ope
rational activities to be included
in the environmental impact analy
sis. This is important since it
guarantees that all potential en
vironmental Issues are considered,
independent of the type of port plan
or the concern of the planners or
agencies Involved. They also make
explicit which activities are con
sidered significant. This is im
portant for both the assessment and
review of the Impacts.

The checklists are often used
as an input to a cause-effect mat
rix to identify the possible impacts
of the channel dredging project
activities.

In general, it is advantageous
to formulate the impacts in a tree
structure with primary impacts
branching at the first node and
secondary or dependent impacts at
the next or subsequent node. In
terdependence of impacts or depen
dence of secondary impacts on more
than one primary impact can be ex
plicitly formulated in this manner.
The network is therefore a structure
that shows multiple impacts result
ing from one or more actions includ
ing cross-effects and cumulative
effects.

The tree type impact formula
tion is recommended to assure com
plete identification of impacts re
sulting from all possible actions.
After impacts and their relation
ships have been identified, the ef
fects of these impacts must be fore
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casted and quantified over time -
for example, how flocculatlon or
how much salinity intrusion will re
sult from the dredging of a channel
over time at each potentially ef
fected location.

While some impacts can be mea
sured or effectively quantified,
most depend largely on judgmental
factors or "accepted" practice, as
safety, environmental quality, and
other impacts are not readily mea
surable. In many cases of this
sort, subjective (or comparative)
measurement may have to be used.

Because of the difficulty of
impact measurement and resulting as
sessment, it is important to intro
duce impact probabilities and con
ditional probabilities as implicit
factors. Similarly, effects over
time should be divided into Immedi
ate, short term, and long term im
pacts with their associated pro
babilities of occurrence and magni
tude.

For the purpose of assessing
navigational channel related en
vironmental impacts, It is usually
advisable to derive constraints or
limits to all possible effects re
sulting from the various actions.
An Important part of the analysis
and evaluation is usually concerned
with establishing that considered
solutions, designs, or actions are
in compliance with existing regula
tions, appropriate standards, or
even accepted practice. These con
straints or limits work as a sys
tem's boundary against which all
dredging decisions (cumulative) are
made. These assure elimination of
objectionable actions (or combina
tions of actions which together are
objectionable) early in the channel
development.

.Environmental Impact of Dredging

It is generally assumed that
the confinement and shallowness pre
vailing at port approaches allow
pollutants to pervade their waters.
The most Important consideration in



the analysis of the environmental
Impact of dredging and spoil dis
posal Is the existence of suffici
ently strong flushing currents
(+0.25 m/sec) in the approaches to
a port where dredging and/or spoil
disposal Is contemplated. Often
tidal motion of the waters in the
approaches to a port and a predom
inant ebb current will result in
reciprocal water motions of flood
and ebb currents resulting in a
slowdown of the discharge of sus
pended particles to deep waters, be
cause only a small positive move
ment towards deep water 1s accom
plished in each tidal cycle. Much
depends on the stratification of
the water layers, and the ability of
subsurface layers to pass pollutant
suspended In it towards the upper
layers.

Uncontrolled or badly planned
dredging greatly increases the
amount of suspended or newly deposit
ed sediments including nutrients and
toxic materials carried. It 1s
important to determine the degree
of prevailing seasonal stratifica
tion, in the rate of fresh water
inflow from regional rivers or other
sources and compare these with the
exchange of water quantities between
the coastal and deep ocean region re
sulting from tidal, current, and
wave transport phenomena. The pur
pose is to establish the location of
the salt front 1f one exists. In
many port approaches a mixed, weakly
stratified domain dominates which
relies largely on tidal flows for
flushing. Such mixed water movement
regions are usually more vulnerable
to adverse pollution effects than
highly stratified regions. Tests of
bottom and water samples should be
obtained from throughout the length
of a proposed channel and basin, to
Indicate if appreciable pollution
of either bottom deposits or the
water domain exist 1n the area.

While coarse sediment promotes
Interstitial water circulation and
also aids aeration of subsurface
water layers, which is necessary

for productive bottoms, fine sedi
ment created by dredging can often
seal productive bottoms. Increased
turbidity and suspended silt de
creases light penetration and
thereby photosynthesis, which is
Important for the growth of coast
al sediments, may act as pollutant
traps or sinks. Dredging resus-
pends these in the water column.
Silt suspension may also increase
nutrient release.

Other dredging impacts are the
destruction of vegetated bottoms
and their replacement with loose
sediments and therefore a false
bottom. Stagnant waters in arti
ficial sediment traps have reduced
oxygen and lower water quality and
productivity by:

non-productive sediment in
trap itself

searching out of low quality
waters to surrounding waters

flushing out of accumulated
anaerobic sediment during
storms causing lower quality
and stress to surrounding or
ganisms .

The effects of dredger choice
are often overriding. Hydraulic
dredges generally cause the least
disturbance from release of pol
lutants at the site of dredging,
but have a high potential for dis
turbance at the outfall, if not
properly controlled. Among hy
draulic dredge disposal method,
sidecast disposal and agitation
dredging, are the most objection
able methods, unless the spoils
are coarse and clean (sand, grav
el, etc.) when overboard disposal
1s generally acceptable. Much
better methods for spoil disposal
are the use of such spoils to
build habitat or confine spoils
within levels when placed in an
area of no ecological concern. It
1s important that the Initial cut
of a dredged channel's sides is at
the full expected equilibrium
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slope to prevent slumping, resus-
pension of sdeiments, and need for
redredging.

The environmental aspects of
dredging are shown diagramatlcally
in Figure 2. A typical environ
mental dredging Impact or effects
network 1s presented In Figure 3.

In summary, dredge operations
may effect the eco-system by
changes in water currents, water
circulation, water mixing, flushing,
salinity, turbidity, siltatlon,
pollution, dissolved oxygen in the
water, as well as direct and indi
rect destruction of habitat.

Like other human and develop
ment activities, some impact of
dredging on the ecosystem can usu
ally not be prevented. It 1s im
portant though to assure that the
expected impact of this dredging
and spoil disposal project does
not Introduce environmental Impacts
which are permanently hazardous
to the biological and physical en
vironment, by either their Irrever
sibility or effect.

Environmental Dredging Impact
Assessment"

There are conflicting argu
ments on the Impact and effects of
dredging operations on water qual
ity. While hydraulic as well as
mechanical dredging methods will
stir up mud particularly under con
ditions of silt covered silt and
clay bottoms, it can be argued that
more mud is stirred up intensely
and over a much wider area by ship'

With a predominant flush
ing current a majority of dredging
generated sediment load can be ex
pected to be carried out by the
ebb current.

It is therefore felt that

dredging operations by themselves
do not have to be environmentally
objectionable if properly design
ed. The major impact 1s usually a
local effect on fishing.

In planning for dredging,
coastal land and water use manage
ment, it 1s necessary to identify
through impact assessment the en
vironmental hazards associated with
various action and utilization con
templated. After identifying eco
logically vital areas by degree of
vitality, the impact of the pro
posed actions or uses (temporary
or permanent) must be determined.

Sediment Load in the Dredging Area

Concentrations of suspended
load must be measured at different
depths throughout the dredging
area.

A net transport of silt must
be estimated. The sources iden
tified as contributing to the load
must be evaluated. Rivers in the
range of tidal or literal currents
affecting the site are usually a
major contributor to sediment at
the site.

Some of the factors affecting
the sediment load in rivers are:

1. Runoff is relatively low in
areas of rain forests (40%-
50%), but reaches 802-90% 1n
deforested areas.

2. Precipitation which does
reach the ground in forest
areas tends to perculate into
the soil and overland flow is
usually not high. In de
forested areas though overland
stream flow can be quite ap
preciable.

3. The amount of precipitation
intercepted by vegetation and
trees can be as high as 352
of the total rainfall.

4. There is evidence to show
that in semi-formal and partly
urbanized catchments, runoff
amounts to 60%-65% of rain
fall.
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The effects of altered land
use particularly in tropical catch
ment basins have been clearly dem
onstrated. It is readily apparent
that conversion of land from forest
to agriculture can significantly
alter the sediment load in the
drainage from the area; Consequ
ently, by proper land use planning
and management practices, it is pro
bable that the sediment load which
reaches the dredging site could be
reduced. Potential saving in dredg
ing costs and improvement in the
water quality may justify active
participation in soil conservation
in contributing catchment basins.

Fisheries and Channel Development

The major environmental impact
of a dredging project is generally
on fisheries in the area.

It is well established that
estuaries, mud banks, swamps, and
mangrove swamps are extremely pro
ductive spawning and breeding
grounds. They can be critical as
spawning and nursery grounds for
certain species of fish and prawn.

Channel dredging, maintenance
dredging, dredge spoil disposal, and
related land reclamation may con
tribute to degredation of water
quality, either by contributing to
the sediment load, or increasing
floating debris. The long-term ef
fect of this water quality Impact
on accretion and the production of
fishing grounds Is usually unknown.
An Important consideration In de
termining the impact of dredging and
spoil disposal operations on fishing
is the effect of this operation on
dissolved oxygen in the coastal
waters which serve as spawning and
breeding grounds. As noted, the
basic sediment load Influence photo-
synthetic activity which in turn and
In combination with the turbulent
mixing process effects the level of
stream dissolved oxygen. As a re
sult, an effort must be made to main
tain sediment and turbidity at near
existing levels.

Fishery research indicates
that most of the prawns depend upon
the mangrove forests and swamps for
reproduction and growth. The pro
cesses by which mangrove forests
and estuaries act to transfer or
ganic materials into fish and prawn
productivity have been strongly
suggested by a series of different
studies and 1t has been shown that
many commercially Important fish
use mangrove waterways as nursery
grounds.

Conclusions

By and large, it can readily be
shown that the major impacts of
navigational channel dredging are not
at the dredging but at the disposal
site. The Increase In sediment load
caused by the dredging operations
is not signlflcantpartlcularly if
hydraulic (vacuum) dredges are used.
The percentage of sediment dislodged
which 1s not sucked Into the pipe
line is usually a very small frac
tion or about 2-32 of all the mate
rial to be dredged, much of which
can usually be expected to sink back
onto the bottom. As a result only
1.3-2.0% of the total dredge mate
rial can be expected to be carried
off as Increase In sediment load.
This can be shown to be usually a
small fraction of the existing sedi
ment load.

Not all of this dredging load
put In suspension should be expected
to actually be carried onto the shal
low shore. With a predominant flush
ing current a majority of dredging
generated sediment load can be ex
pected to be carried out by the ebb
current.

It is therefore felt that
dredging operations by themselves do
not have to be environmentally ob
jectionable if properly designed.

In planning for navigational
channel dredging, it is necessary
to identify through Impact assess
ment the environmental hazards as
sociated with various actions and
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utilizations contemplated. After
identifying ecologically vital
areas by degree of vitality, the
Impact of the proposed actions
or uses (temporary or permanent)
can be determined and can usually
be mitigated. The Federal Water
Pollution Control Act as amended
defines .the major guidelines but
state water quality certification
is usually required by non-govern
ment dredging projects. Government
dredging requires also an environ
mental impact statement under NEPA
and must furthermore comply with
state approval plans as defined by
the Control Zone Management Act.

In general, It can be said
that U.S. regulation and control of
navigational channel dredging is

.more complicated than that of most
other countries and requires an un
duly long approval process. It Is
hoped that as more effective methods
are developed for impact assessment
of channel dredging, approval and
control processes can be simplified
and streamlined.
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SEDIMENTARY CHARACTERISTICS ASSOCIATED WITH THE PATTERNS
OF DEPOSITION AND EROSION AND BASIN GEOMETRY

IN MIDDLE CHESAPEAKE BAY

Randall T. Kernin
Jeffrey P. Halka
Nicholas Zoltan

Coastal and Estuarine Geology Program
Maryland Geological Survey
Baltimore, Maryland 21218

Chesapeake Bay, located in the embayed section of the Atlantic
Coastal Plain Province, is an estuary formed by the post-Wisconsin
sea-level rise which drowned the lower valley of the Susquehanna
River. The geometry of the basin, inherent from Its geological
formation, is characterized by a single deep axial channel,
flanked by broad shallow margins and by numerous tributaries.
In cross-section, the axial channel and margins are asymmetrical
In form, skewed towards the western shore. The influence of
geometry is recognizable in the patterns of deposition and erosion
and the corresponding sediment characteristics which occur on the
basin floor.

In comparison of the historical and most recent bathymetric
charts, changes in bathymetry delineate broad patterns of deposition
and erosion. In Middle Chesapeake Bay, four patterns were mapped.

Low deposition from 0.4 to 2.4 meters per century
High deposition >2.4 meters per century
Low erosion from -0.3 to -2.3 meters per century
High erosion >-2.3 meters per century

These patterns of deposition and erosion when compared with the
distribution of sediment types and basin morphology defined three
broad sedimentary associations.

Association 1. High deposition of high water content (60-80%),
high organic carbon (3-52) silty clays occurs along the thalweg of
the axial channel. Sediment deposition in some areas has measurable
accumulation of over 10 meters per century.

Association 2. High deposition and high erosion of high water
content, high organic carbon silty clays and admixtures of sand-
silt-clays are found along the steep, eastern channel wall. The
high depositlonal and eroslonal patterns relate to slumping of the
channel wall by subaqueous gravity flows.

Association 3. Low erosion of low water content, sand occurs
along the Inner nearshore margin coupled with low deposition of sand
and admixtures of sand-silt-clay along the outer nearshore margin.

The sedimentary characteristics and patterns of deposition and
erosion indicate that Middle Chesapeake Bay is undergoing a self-
digestion process of its margins, possibly in response to the estuarine
processes and sea level rise.

(ABSTRACT)
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